Lignocellulosic biorefining processes plant-derived biomass into a range of bio-based 23 products. Currently, more than 40 lignocellulosic biorefineries are operating across Europe. 24 We address the challenges and future opportunities of this nascent industry by elucidating 25 key elements of the biorefining sector, including feedstock sourcing, processing methods, and 26 the bioproducts market. 27 28
The Biorefinery Industry in the EU
In 2012, the European Bioeconomy strategy was launched, defining the bioeconomy as "the 33 production of renewable biological resources and the conversion of these resources and waste 34 streams into value added products". This strategy and its action plans increased the turnover 35 of the total bioeconomy in the EU from 2.09 trillion Euro in 2008 to 2.29 trillion in 2015 [1] . 36 In the light of this development, the biorefinery is a vital component of the future 37 bioeconomy defined by the International Energy Agency (IEA Bioenergy -Task 42, 2009) as 38 "an integrated production plant using biomass feedstock to produce a range of value-added 39 products". In 2017, there were 224 biorefineries operating across Europe, in addition to 40 several currently under construction [2]. However, 181 of these commercial biorefineries are 41 so-called first-generation facilities, which use feedstocks such as sugar, starch, oils and fats, 42 and produce mainly biofuels and products of oleochemistry. Conversely, only 43 43 biorefineries are so-called second-generation facilities, which use more sustainable 44 lignocellulosic feedstocks, such as non-food, non-energy crops and bio-waste, to produce 45 biofuels, electricity, heat, bio-based chemicals and biomaterials. Fast-paced regulatory 46 3 developments in the EU are accelerating the rate of lignocellulosic exploitation. For example, 47 EU Directive 2015/1513 set out targets for a maximum of 7% share of biofuels to be derived 48 from cereals, starch, sugars and oil-bearing crops by 2020 (including those grown for energy 49 purposes on agricultural land). Additionally, in January 2018, the European parliament voted 50 to limit its support for biofuels made from food crops, aiming to gradually reduce such fuels 51 to 3.8% by 2030; ancillary measures seek to exclude palm oil-derived biofuels from the list of 52 products that can count towards renewable targets by 2021, and to incentivize the use of 53 lignocellulosic wastes in biofuel production. The EU has funded many projects under 54 Horizon 2020 (the EU Research and Innovation programme that manages about €80 billion 55 of research funding over the 7-year period from 2014 to 2020) to stimulate the use of various 56 lignocellulosic feedstocks, with the aim of consolidating lignocellulosic-based biorefineries 57 in Europe (Table 1) . Therefore, a critical assessment of the future of the lignocellulosic 58 biorefinery concept against a background of the current biorefining industry is especially 59 timely. of feedstock, the mapping of biomass inventories, and the establishment of a centralized 108 regional hub for biomass collection and storage. 7 of its transportation energy via biofuels derived from advanced biorefineries (2 nd generation 144 biorefineries). By this time, it also intends to replace 30% of oil-based chemicals by bio-145 based chemicals, and supplant non-degradable materials with degradable materials. 146 Interestingly, 80% of the EU bio-based infrastructure will be in rural areas, which are 147 expected to support community development programs. However, developing sustainable 148 markets for bio-based products, and raising the public awareness of this area will still be a 149 challenge. Even so, it is expected that evolving market demand, combined with further EU 150 policies acting to spur public awareness, will accelerate product development and encourage 151 private sector investment. International experts foresee that at least 15 advanced biorefineries 
